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Mucllas  de las caractcristicas  ohscrvzzdas w ol)jct,os IIc]bi[y  1 Iaro h a n  p o d i d o  s c r

rcproduc.idas  Il]cc]ial]tc modc]os  de c])oquc.  SC ] numtra  quc  Jllodc]os siJni]arcs  pucdcn  ap]icarsc

para la distribucidn  espa,cial dc iJltc]Isidad  dc. ILLS ]incas ultraviolcta  obscrvadas  por lUI;. Se

]lan utilizado  espiwtros  de] arc.llivo dc 1{)1’) pwa estudiaJ-  las lillcas u l t r av io le t  (C IV )t1549,
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1 LJlt data WICI ‘degraded’ optical olmu vatioils  has Ixx!]l }~lcvious]y carried out by I,cc CL al.

(1 988),  tlIc c o m p a r i s o n  witl~ tl~c shock  ,,,odels SIIOUICI  pmvicle  a II]orc clear ulldcrstallcling  of

tllc p]lysical  conditio]ls  ill 1111 objcct,s, ‘1’llc ILll! data Ilas bml (:C)llcctcd  frol]ltllc l}ublisllcd

l i t e r a t u r e  (I,ccct al. 1988;  Ili.illmct al. 1987; 11611111  ct al. 1$191;  116h In ct al. 1 9 9 2 ;  Ilolllnct

al. 1993)  ‘1’lleobjccls studied arc 1111 1, 1111 2, 1111 24A, 1111 3!2, 1111 43, Mlcl 1111 47, with a

part icular  at tent ion to tllcir strollgc]  clllissiol] lines: ~1\I,Alt)49,  ~llI] A1909, ~11]A2326,

Mg II A2799, Si ]]1] A1891 ( i f  a,vailal)lf:)  aIId t,l]f. c.olltiliuu]l).

A  dcsc.riptio]l  of  t}lc propcr(ics and Iilllittitiolls  of  t]]c killclllatic.al  bow s]lock Inodc]  is

pJwscIItcd ill ~1, and of  the shock  IIIodcls  fol tllc  SCICC.l CCI lill(:s  ill {3, ‘1’llc cllaractel  istics of tile

individual  11 II objects arc discussed i]) $1, a]]d wc Prcsc]lt  O(L1  concluding rcxnarks  ill $5.

lt is sllowlI,  as suspected frolll  t,llc  o~)tical  obscrvati[)lls  (I+;isl<;f(el  ct al. 1994; IIcstcr  ct al.

1994) a]]d lllodcl  position-velocity clia~,l  ii]]]s  (l IIdcl)ct  ouw & No{ ic~,a-Crcspo,  1995) that tile

Illatc]l  bctwcxm t]icory and observatio]is  iIl]])Iovcs  WIICII t]lc ])ICS(:IIC.C  of Illu]tip]c  coIldcIlsatioIls

is considered iu tllcir illtcrpretatioll.

2. The Kilicvnatica]  ltow S h o c k  Model

A clctailcd  description of a si])j~)lificd  Low shock IIlodel call Lc found for instance in

Ilartigal),  ltayl]lolld  &  Ilartlljanll  198’/ (Ilcrca{ter  1]1{1{87).  ‘1’}ic IIasic. idea is tile  followilg.  III

the fralllc of rcfcrcnce  of the shock, tlIc  prcsll(,cked  gas c]ltcrs  tllc  bow shock at a velocity VS,

alld  auglc ~ (SCC  Figure 1). g’o silll])lify  tllc  c.~.lculations of t}lc  lil]c clnissioxl,  tile Low slloc.k  is

d i v i d e d  into a llulnLcr of annuli of c.ollstallt  f, OIicc tllc slIa.pe of tllc  how sliock is krlowll (at

an orientat ion ~)), f and tllcreforc  tllc l}CI pcj)dicula  coIiIpoIlcNIt  of t,]le velocity, VJ , cm be

dctcr]ni]icc].  SiI]ce it k oILly this collll?c~llcllt  \vllic.11  t] allsfoxll}s  its ki]lctic, mlcrgy  illto  intmmal
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dcnsity  (100,  1000 CIII  - 3),  aud  (4) t)tc ])rcsllo(k  ionization  state of the gas. lbr this last OIIC

fu l ly  imlized  or local  cquiliLJriuI1l  WCIC ihc choices (SCC 11 RI187),  although  it is kllowIl  that

‘t])c prcioIlizAioIl si,ructure  iIl a how slioc.k i s  IIIOIC coIIl~~lc!x,  aIId t]lat iIl Illzmy  mllparisons

equi]ibriuI1l  IIIodc]s SCCII1  to ]Jlatcll hcttcr  t]Ic obscrvatioIls  (NoIicga-  ~respo et al. 1 9 8 9 )  111 all

cases, givcll  tlIc  wide aperture of 1 [11(;, tlIc  III(}dels collsidmxl  a slit 10 tiIIles tllc  size of 

















o]dcr  WCIW c o n s i d e r e d ,  The I]]odc]s i]) ]“i~,ure  4C corJcslJoIId to 110  kill s-l for lJJ] 2G alld

105 kln s--] for JIJJ 211. TIIC o b s e r v e d  dist~ibutiol]s  for (} lV zu)d ~ 111] from the SWP43891

set (J161)111 et al. 1993) arc agaill  broader tllall tlic l) Sl~’. ~’he suJwrilllposed  double  bow shock

model does  nlatcl  well the cxtmlt  of the (.: 1]1] line  and it is solllcw}lat  na r rower  than  the

observed  ~ IV d i s t r ibu t ion ,  one SUSIH-.1,S l,) IzI(. a )no] c rmlislic  l~reiollization  in tile m o d e l s

could  give even  a. better match.

4 43 , 1}11 24A

]]]] 24 is optically a rcnlarkal~]c  object with  a v~ry COJ]]])]CX  Illorpho]ogy,  and situated

among two or tl)rcc outflows (SCW c.~,. Mulldl,  ltay & I{aga 1 W] ). One of the bright

Condensat ions co] responds to IJII 24A wllic]l  ~$ras OLSCI  vcd i)l t]lc (JV by ]]ohm ct al. (1992) .

IJll  24A althougJl  optically seelns to bc, a Itigli  (xcitat,ioll objcci (SCC e.g. }Irugcl ct al, 1981) in

t]lc  UV does  not bc~ong neither to t]lc  ]lig,]i  Iior to the ]OW cxc.ita(ioll  categories (Iloh)n  et al.

1992). ‘1’lIc lack of UV anissicm lines  lIas lead to t}lc analysis of just its continuum emission,

which it lIas a S11) wider than that iII tllc [S II] 671 7/31 optical lines  (Dohm  et al. 1992), for

instance.

l)cspitc the complexity of 1111 24, the cxtc!nded  IIaturc  of c.olldcmsation A, and our

tclllpta~ioll to usc a supcrpositiolj  of two  bow slloc.k  Jnodcls  to explain tile  observed wide

SJD, tile nearest bright condcnsatio]l  11]1 24J~ is m 20” apart, al ld therefore we decide to

Illodcl  it as a sillglc LOW shock.  WC Collsidcl  c,d two s]]ock  ve]oc.  ity lnodc}s for it. On one harld

tl)c proper ll~ot,jolls  (Jones  ct al. 1 \)~7) and t}[(: velocity (lis~)crsicjll  of its optical lines, e.g.

Ilcx,  [N II] A6583 and [S II] 6731A (So]f  1987), SUg{~CStS  a shock  ve loc i ty  r e l a t ive ly  ]OW w 50

kln S-]. 011 tllc  other hand tll(! dctcctioll  t)f /0 ][]] A5007 (Ilrugc]  ct al. 1 991) implies a slIock

velocity of w 100 kIn s- 1. Tlotll how SI1OC1C  IIIod(!ls (for 50 and 100 km s- 1) assunle  equ i l ib r ium

prcionization  wit])  a prcshock delisity of 100 C] II””3 , a radius of 3 ‘Jal]d an angle of -36° (towa~ds
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. . 1800 ~ for 1111 24A. ‘1’hc ohservatioIIs  c.oIIcspcMid  at two  diffc)uit.  aperture oriclltatiolls.

‘]’]Ic  SW1?22708 (tcq~)  and .SM~])38033/l  (I2 (c,clit,cr) distributio]ls  arc c.omparcd  with a lnodel

wit]] a shock velocity of 50k1n s- 1. ‘J’llc  SW1’38033/l  02 set (Imttol]l)  is also colnpared  with a

Iuodcl  at a 100 k]]] s- 1 slloc.k  vcdocity.

l~igure 6. As in figure 3, but for tllc hig ]] ,42799 li!lc ill 1111 32A. ‘1’wo models with dif~ercilt

viewillg  angles  arc c.olllpare(l: 3 0 °  ( t o p )  a]]d 7(1° (lmttolrl),  wit}l  tllc sal]le 300km  s--l shock

velocity.

l~igure 7. As ill Figure 3, but fo] tlIc 111[ 43( A-{ 11-+ (~) systcll}  aIId a trip]e c.ondcnsatioll

l]lodcl and tllrcc difrercnt colltilluulll  ol)scrvati{olls:  200, 400 and  (NO Awide,  r e spec t ive ly .

Figyrc  8. As ill Figure 3, but  fol” t]lc  600 ~ wid( contiliuulll  distributioll  of 1111 47A.
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~’al)lc  1. A](;l)ivd  IUlt spectra] ])ata
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NaIIIc:

object
-. .—..

11111

1111 2(11-I A’)

1111 2G

1111 24A

1111 32A

111143

IInagc

110,

SWI) 8188

SWP1 6668
SWI’24914

SWI’40G57

l,WR 8912

SWP10218

SWI’10246

SWI’16671

SWI’18157

SWP249J9

swP40663

lJWR  8888

I,WIL 8909

IJWR1045O

SWP43891

SWP21518

SWP22708

SWP38033

SW1>38102

IJWP 3140

I,WIU3004

SWI’17522

SWI)23749

Ex]mulc

tilIlc(llliI1)

.-

270

270

~’y)

633

134

270

?90

430

430

860

675

180

150

3s0

636

560

485

680

b:) ? 5

120

414

390

42b

O1ielltation

allglc(deg)
.-

337

348

303

315

167

165

167

349

167

304

3J2

165

167

5

31b

1 ~g

153

307

320

153
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132

147

-—

1{.011

;lllgk(dcgj

95.9

84.6

130.5

124.7

266,1

268.4

266.3

84.0

266.1

129.4

123.8

268.4

266.4

6?.8

119.0

243.9

81.3

126.3

113.3

81.3

-- 99.0

3 0 1 . 1

285.7

Year of

observation

1980

1982

1985

lg(J]

1980

1980

1980

1982

1982

1985

1991

1980

1980

1981

1992

1983

1984

1990

1990

1984

1982

1982

1984





~’abk: 2. l]cst  It’it  IIOW S h o c k  h40clcl  l’aral IIctcrs*
. . .

object V,l, (knl S- 1, 4“(0)
.—

}111 1 17{i :,

1111 2A ‘ 170 12

1111211 125 2

1111 2G 110 - 5

1111 21) 105 2

HII 24A 50 --36

100 --36

1111 43A 100 60

1111 43R 40 :):)

11}1 32A 300 30

30[) 70

1111 43C 35 75

1111 47A 100 23

lMost  moclc]s  are ill cquilihrillnl  prcionization

1,. so20ricntatioll  wig t.

30rientatio)~ anglo : 165”, 349°

f]. 3 0 4 ” ,  312040riC11~a,ti011  aw> ‘ -

51’’u Ily prcionim d

i{adius(”’)

2,0

1.72

1.83

2.84

2.52

2.4 3

1.54

0.9

0.4

3.0

3.0

2.3

2.5

2.5 5

2.55

1.8

3.2



P0
0 “ I
u)

~



I 1 -- , , , , , –,--[ -,--,---:1
1 Jj “--”-

!1 ~:

..~~o .:

,1111 –--200 -

.8 “ \,.;

1

-“-””””” 150 -:

1
.-– ----- -j ()() :

.-
.6 Clv 1 54{)

II ~q :
.4 l\

1’

,2 --

‘ ‘.., . . . ----\ \ ,  \
0 r — - — - -  ‘ -  -

tLL.._LL  .. L__L-J-–L--l  ..--..  . . . . . . . .1.. ,-.”~
-2 0 2 4

:–l---”””,-~l__T,_”T,_”
1

_,lk :~ ,\ , -l-; ibr;:

/ /’\/. =.:,,; O: :
.8 --

I

~\

i ‘ ---- ‘“-- 1 i)o ‘1
.6 --

L@ . Clv 154 q
HI
‘1”

fp :
.4 –.

\

\ \

.2 -- \ i:

Q
o .-.. .— .  -— ‘--5.. . . ---- --–-

-1 .–l_L_.—l_l—.— L.-L...-.. . A.-J- ..1- “-
-2 0 2

Xfi
4

1 I 1 ‘-”l-~ -q–-l--l-l-T”-,-,” -”r--r ~. -.

- CIV1 549 eq

/

/ ’ -

100

_/”:

.
1

< b

60 .

0 —..
LL.ALL.LLLJ-LJ  .1-.1-..1..1 . ..l...L -1..1.1”:

100 20$ 300 400
s

1

.8

.0

~
.4

.2

(

-q---,  -–1- ““ r–r-r-l 1 1 1

—.. — 250
“7‘-– 200

,.

.-1... 1– J l.__L_l.  –L-L J--L_d_d.-l
--2 0 2 4

-._.T  . . . . ~_. ~

1 --

.8 -

.6 --

.4 ~-

.2 :-

0 ~----- - ~~
L-L-.-L ._.l

-. 2

~-T_. ,__T

\

_L__u-.L_u+J
o 2

x/Ra

10 --T-- T--T--I -p-r-rr[ 1 1 I 1 I 1 1 1 1

M[Y112799 fp-1
8 --

8 -

4 ~-

:P

\.,

2e -- ./
i

0 ---
-1 ..1-.-I ..1. LLLLLJ-JJ-  1 I I 1 1 I 1

0 60 lv$o 160 200
●



&---” ‘“”--”--”---:.–J... I... I.. .I... I .L L--J.. -I. L.- . ...1 .I.. I.. I.. L_I.~

– 4 - 2 0 2 4 6
x/Ro

F

1 ‘T ‘-1”-” ““ “l--r ““T-” [~l-”_T T-” ‘(-’-1””-  1-1 ““ 1~-1~
1- HIII 1

swp40G57’

// \ \. - -4

‘r 1
‘L---’ L-

-1--J.- .lLJ_--.J_. LLl._.L .l-..LLLLILLLI +/
- 2 0 2 4 6

x/Ro

m

-n—,._. -..-r–T...,_.. —.
HHl 1

1 [ -1- T-[-T-T” ‘1 ‘“ 1--T-T

swp40657 [.1 1500–1’7

/ ‘\
A 1’700-190

/
/

\  \.1

/
\

/
\

/
\
\

o L-_a_ <.7 ‘\ .— .— 3---I . -I... .1 .. I .- .I -I .1-1  --I .L.lL..  I.. .].. ILL-L–I
-.4 -2 0 2 4 6

x/Ro



.
~_.r  . . . . .

-------

.,.. ..T ..,-- ~–-.,–. ~..-.._,.-T..-_,..  ~ ,

El1

1~

liHZH+A’  ‘
swp40663 / \’ xcIv1549g

.8
/ \

.6 / ‘,

.4 / \
/

\~ j
\

.2 -

// /~
\

o \---- . . . . ., ---- —.
L. 1.....1- . ..j.. _. .1--- L—.J—  1-_ ].__.l...–1~j.~j

ire” / /?;

\\ \ - - l

0 :, 10
x / H o

~,—.., . . . . . . . .
H+-A’

‘63’--”3”””-r”[;:iq;:iq

‘\\\

t=’ ~/o -— -—. . . . -;
\
\ -, _

1 ,-2
t-— J-d..._.l ._-j_ _. l_. L_.J_ L_–j._._J...-_l  . . ..1.-.-L-U

o f; 10
x/Ro



1

.8

.2

0

1

.8

.2

0

,

[1/’
I
I

/
,/— . . . . .-, .-

-1-- l._. _l.--.l  _....-l.

0
-L

,---, -.

\

i

\

\

\

\
\ --

–.-1-  .1- - - - - - -

5

.(.. - ~--- 1-

1XCIV1549

.1 .– 1.. -.l.-_-L---’IEi3
10

X\Ro
—-T.–*-  .-. ~..T. . . . . .T...r -r..l-...,..-  ~ , , ,

HH2H+A’
Swpl  015’7

y\ ]

“ / \ [I CH1]190

/ \ .
/ \

/ \
/ \

/ \
/ \- -—. -. ..,, -.. -—. .—

.1- . ...1.-..1 _,_l _ ..1- .L-L .L;::l.~;=:i  : -L.-_d-

5 10
X\Ro



XCIV1549

1

,_l. ., _.,..-TT

7

“1 ~
T. T--  ~ r , ‘i- ,- , -,---,- ,–,--,–~

1 H1/2G-t H
,..

/
swp438fll

.8 \

f

/ \
~.6 / \

~.4 - i / \
/ \

.2 -

/ \ ,x

o ,/. \—. . . . . ----
4-L... J-.J.-l .J-.l_]..L&Ll.d.d  lJ..l._.l.];:.; ~l-;i.-

–lo --5 0 5 10
x/Ro

1

.8

.2

0

[I! “]
‘Hrdxl z- “- 1“--’- “w ‘H--l-’-’ ‘T-TT
swp43ml /1 [: CII11909

/\
Ii

. / \

/ \

r / \ ’
~,/ \

- ~~;..~l  ‘:i~.L -1..1- .L.l.d l_l A_.d-l...l  dii~-

–10 --5 0 5 10
x/Ro



1

:.5

0

--L-.1 .- 1-...J..- 1 -J. l_...l  -L l_..[ . . ..l. l_ 1.. 1.. ..L_lA

– 4 - 2 0 2 4 6
x/Ro

,.jJ~ ]

~ fi2~--, ““r--, “-1- --l--r “1- -(-”-: ”l;)3~:;

1600-1600

lb

Y\
[1 swp38102

[

>./ \
/ \’ --x

/ \
--+3

/ \ x
/’ \.—. —.,..- ~ -. . —.... -—

~J-.J.- .-b- 1...1. b-l .L..[-d. J.. J.. l__L_Jd
-4 --2 0 2 4 6

x/Ro

1

5.5

0

F:yj:
~~~  -T-T  ---l-~  -,-–T  ----  -~–~  -,-.

——  -.. . . . -——————  —

~..-.. .1. . ..I.- J .._ I .L.~_I .L..h I. .I..  _h_Jd

– 4 --2 0 2 4 6
x/Ro

.



1

m 

m~Ti_; “p-r---l-  -pT -[---,---I--T-  ~-, ,  ,

lwrl 3004 ‘ \ [:] Mg1127’99
/ \ 70°

11
/ \ ,

/ \
/ \

/ \ ‘\
— --, —- —.

‘~_.1._ .1 _. J._ L....I.  l__.. _L L..[;-;I ; :: I.._L~

–4 -2 0 2 4 6
x/Ro



1

.8

.6
~

.4

.2

0

— )-(/c(// \\ \
— A’ \\ ‘ ‘“

‘n’ \\ ‘Y/&
F-1+

~
:, . . ../1’ “k.
‘i .– . . .. J.. J _;_ ]...J. I_l.._l .L..l-.-l !- ;; l;’d

-. 6 -.4 –2 o 2
x/Ro

1

\ ~]

.-.,... .,_ ._.r._ . ..T .,_,.
H1143A+ 11+ ~:

q ;T--I--T  -1 I l--r-l

-  lwp4041

J

[~ 2350–2750

.8 El, 1-
/ \

.6
/ \

.4 / \

.2
/ \ ’

/’
\

0 \ .% .—. —
-i:~l~;..:;~,,_d..  _,.I_I.,dI.,d  -L..L._L.L .1.. l.__Ld_U

-6 --4 -2 0 2
x/Ro

1

1A

di4’3A;Kd:T  “’
“r-1””~ ‘T--I-’-T -’-r “1’ rr~

swp31828 7x 1300–1900

.8

.6 /

.4 Ii
/ \

# \
.23

p/“o .-— -- . “k%d--h. ;~._L._ 1.._L. J__I. d --L I--I. -.-L.. I LJ
-. 6 -.4 -2 0 2

x/Ko



1

lfil

--l~\-,’””’T-, -q- --r-’T .,_.,~ _,...F’

swp3396Cl
.8 /\

x 1300–1900

o .6 ‘- I i,
~

.4 !,
J

.2 / \
\ “ - - - - - -

o ._. _ . . . . . . //
r..l.-l..-l .l-.1.J .L1..:i...d:.d...l-.l

--- ——
1-J...L

– 4 -2 0 2 4 6
x/lto


